A new device for sterile docking, the Compodock (Fresenius NPBI Transfusion Technology), was developed for connecting PVC tubing for medical use while maintaining sterility. STUDY DESIGN AND METHODS: Sterility of the connections was assessed by welding tubing with a heavy exterior contamination with Bacillus subtilis spores and also by welding in an environment contaminated with aerosols of B. subtilis. Tubing was either dry or liquidfilled ("wet") and had various diameters. Bacterial culture medium was flushed through the welded area and subsequently cultured. Tensile strength was measured, and, under semi-routine conditions, Compodock was tested for user friendliness and speed. RESULTS: None of the cultures of welded tubing with exterior contamination showed growth, neither the drydry (n = 434) nor the wet-wet connections (n = 622). Cultures were also negative for welds made in the contaminated environment (dry-dry, 67; wet-wet, 55). Tensile strength complied fully with ISO 3826 standards (that is, a force of 20 newtons [N] for 15 sec), with a mean maximal strength ranging from 73 to 100 N, depending on diameter and content of the tubing. The semi-routine handling was regarded as good: welds were easily opened; there were clear instructions and error warnings; and the processing time averaged 52 seconds. CONCLUSION: The Compodock is able to maintain a functionally closed system, with maintenance of sterility, despite heavy exterior bacterial contamination; tensile strength conformed to ISO standards. Compodock is suitable for routine implementation in the blood bank. ABBREVIATIONS: N = newtons; SCD(s) = sterile connection device(s); TSB = trypticase soy broth.
T he use of sterile connection devices (SCDs) has allowed connections between tubing of unintegrated plastic blood bag systems 1 and thus the development of methods for prestorage pooling and/ or filtration of blood components.
2,3 The SCD originally developed by the DuPont Company 1 uses a wafer that is heated to approximately 320°C. In that device, 4 two pieces of tubing positioned parallel to each other are cut by the heated wafer, and one of the pieces of cut tubing is moved along the hot wafer until it is aligned opposite the other piece. After retraction of the wafer, the pieces of tubing are pushed together, which ensures the sterility of the connection. The processed blood components maintain their sterility, and the storage time is usually determined by the storage period of the original component. 5, 6 Validation of the sterility of connections made with these devices is difficult. Various studies suggest that approximately 0.3 percent of blood components are bacterially contaminated, 3,7-9 most probably during blood collection, as a result of incomplete disinfection of the skin. 10 Contamination may also take place during sterile welding, because of an incomplete weld, 11 or during sampling for bacteria culture. If positive, cultures of blood components frequently contain normal skin flora, 3, 7, 12 although other species, including anaerobic bacteria, have been isolated.
Because the tubing is cut by a heated wafer and welded, the tensile strength at the site of the weld might be decreased. 13 The integrity of all welded tubing must be tested according to FDA regulations, 6 to ensure that a functionally closed system is maintained.
Recently, a new type of SCD, the Compodock (Fresenius NPBI Transfusion Technology, Emmer-Compascuum, the Netherlands), has been developed. Instead of wafers, it has a reusable heating element to make the connections. Our aim was to determine the ability of this device to make sterile connections in heavily contaminated environments. In addition, we measured the tensile strength of welded tubing for connections between dry tubing (dry-dry) and liquid-filled tubing (wet-wet), by using tubing of two commonly used diameters. These investigations were made in functionally closed welded tubing, as these would be acceptable under routine blood banking conditions. Under semi-routine conditions, the Compodock was also investigated for items that are important for routine processing in a blood center. We studied the user friendliness, the ease of opening welds, and the speed of the device, by using tubing from various manufacturers.
MATERIALS AND METHODS

Compodock
For the investigation, a premarket type of the Compodock was used. The principle of the device is that, in the first step, a thin seal is made in both pieces of tubing, and, in the second step, these seals are melted and thereafter welded together, as explained in more detail in the legend of Fig. 1 . The Compodock has a reusable heating element that can make at least 10,000 welds. The device has a "counter" that is good for 2,500 welds. With every valid docking made, the number of counts is decreased by 1. If, for whatever reason, the weld is deemed not valid by the device, no count is subtracted. The tubing can be placed and welded again, or, if the device gives a warning that the dock may not be sterile, the tubing should be discarded.
Sterility tests
The sterility testing was based on the study by AuBuchon et al. 11 for validation of another SCD. For the sterility tests, bags were filled with trypticase soy broth (TSB) bacterial culture medium. For testing of wet-wet connections, bags were filled with 100 mL of TSB and steam-sterilized; for testing of dry-dry connections, bags were first gamma-sterilized and then filled aseptically with 100 mL of TSB. Before use, the gamma-sterilized bags were cultured at 30 to 35°C for 14 days and used for the study if no bacterial contamination was observed on visual inspection.
A suspension of spores of Bacillus subtilis (ATCC #9372, American Type Culture Collection, Manassas, VA) containing on average 4 × 10 7 CFU per mL was prepared. B. subtilis was chosen, as this species is used as a biologic indicator in the European Pharmacopoeia to validate dry heat sterilizations, 14 being the most resistant species under those circumstances. The use of other species for these sterility tests would better reflect blood bank conditions, 11 but, as those bacteria are also more easily killed during dry-heat sterilization, we decided to focus on the most resilient species. Approximately 10 cm of both pieces of tubing to be welded were dipped into this solution and thereafter airdried. With this SCD, the tubing is sealed by a high-frequency electric field generated between the metal posts during the procedure, and the outside of the tubing is therefore not allowed to be wet. Tubing that is wet on the outside will induce discharges through the liquid, and consequently no seals would be made in the tubing.
Welds were made with the Compodock at the contaminated area, using dry tubing or tubing that was filled with TSB ("wet" tubing). After it was opened, the welded section was inserted in a test device that enforced an internal fluid pressure on the weld, during which the welds were visually inspected for integrity. If the weld was not functionally intact, as required by FDA guidelines, it was not included in the sterility tests. If the weld was accepted, the tubing was flushed twice with the TSB. After several bags were welded in this way, the bags together with "positive-control" bags (see below) were incubated at 30 to 35°C for 14 days, with TSB present at the site of the dock throughout the culturing period. The units were considered sterile if no growth was observed in the bag by visual inspection-that is, if the contents remained clear. If turbidity was observed, a confirmation culture was performed. The actual contamination of the outside of the tubing was determined as follows: the contaminated tubing was immersed in a sterile Tween/saline solution, and the spores were removed from the tubing by use of ultrasound; the Tween/saline solution was thereafter diluted and 100 µL was distributed on an agar plate and cultured at 30 to 35°C, and the colonies were counted.
Another type of sterility test was performed in a closed cabinet of approximately 1 m 3 that contained an aerosol of B. subtilis at approximately 10 4 CFU per m 3 . The Compodock was placed in the cabinet, and welding was performed in this contaminated environment; weld integrity testing and culturing were performed as described above. Before, during, and after the docking procedures, contamination was measured by using a microbial sampler (Andersen Instruments, Smyrna, GA) for determination of the number of CFU of B. subtilis and a laser particle counter (Met-One, type 237-B, Pacific Scientific Instruments, Grants Pass, OR) for determination of the total number of particles in the aerosol.
Controls
Positive controls (n = 40 during the study with exterior contamination and n = 4 during the aerosol contamination study) accompanied each set of experiments. The controls were spiked aseptically by injecting approximately 100 CFU of B. subtilis spores into bags with 100 mL of TSB medium and incubating these bags together with the "test" bags at 30 to 35°C for 14 days. On visual examination, these bags should all show signs of bacterial growth.
Measurement of tensile strength
There are no explicit requirements for the tensile strength of welded tubing, other than the FDA regulation that the weld must be intact on visual inspection. Therefore, we applied the ISO standards that have been formulated for connections between tubing and parts of a blood bag system. The ISO 3826 standard requires a minimal tensile strength of 20 newtons (N; kg × m/sec 2 ) for 15 seconds for these connections. Tensile strength was measured in a tensile-strength measuring device (Type 122041/93, Zwick Material Testing, Ulm, Germany). Both sides of a piece of tubing (10 cm), with a weld in the middle, were inserted in the device, and a force of 20 N was applied for 15 seconds. Then, by applying a constant tensile velocity of 20 mm per minute, the maximum tensile strength was measured. Welds that had been made between dry-dry and wet-wet tubing, with diameters of 4.1 and 4.5 mm, were tested.
Semi-routine validation
Several items that are important for the routine use of the Compodock were investigated. We focused on the handling of the device and the ease with which the welds could be opened, which was scored on a scale from 2 to 0. A value of 2 indicated a weld that was easily opened, 1 a weld that opened with more difficulty but within 10 seconds after the first try, and 0 a weld that was difficult to open. Speed of welding was investigated by repeating the welding procedure for 1 hour. During the routine welding procedures, the integrity of the welds was determined by applying an air pressure of 3 bar (10 5 kg/[m × sec 2 ]) on the welded tubing. The weld was submerged in water and was regarded as intact if no air bubbles were seen. 13 Various tubings used at our blood center were applied.
Statistics
The upper boundary of the 95% CI to predict a failure (that is, a nonsterile weld) can be calculated from the equation
(1 -p) n = 0.05 where n is the number of events that did not show growth, and p is the upper limit of the 95% CI.
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RESULTS
Sterility tests
The results of the sterility tests are summarized in Table 1 . More than 1000 welds have been made both in dry and liquidfilled (wet) tubing actively contaminated on the exterior, and none showed bacterial contamination of the interior after 14 days of culturing. Culturing and counting of the outside contamination of the welded tubing showed an average contamination of 10 5 CFU of B. subtilis on 10 cm of tubing, which indicated that the tubing was heavily contaminated at the time of welding. Furthermore, all bags with welds made in a B. subtilis aerosol-contaminated environment showed no growth. The 
Controls
The bags with 100 mL of TSB, inoculated with 100 CFU of B. subtilis as a positive control, all showed growth after 14 days of culturing. This resulted in a sensitivity of this method of 1 CFU of B. subtilis per mL.
Measurement of tensile strength
The tensile strength of welds made in tubing of 4.1-and 4.5-mm diameter, both for dry and liquid-filled (wet) tubing, was measured as summarized in Table 2 . All welds conformed fully to ISO standard 3826 and had an actual strength of up to five times that required, even when the welds were made using wet tubing. The welds made between wet tubing of 4.1 mm had the lowest tensile strength and those between dry tubing of 4.5 mm had the highest.
Semi-routine validation
The Compodock was easy to operate under semi-routine conditions. Tubing routinely used at our blood center all fitted in the blocks, and misplacement of tubing was prevented by the construction of the blocks. If the tubing was not placed correctly, the device could not start the procedure before the inlay had been corrected. The device started and stopped the welding procedure automatically without the need to push buttons; after the tubing position is secured, clamping of the tubing is sufficient to start welding. On an LCD screen, clear instructions are given during the procedure. In case of an error or incorrect procedure, an error warning is shown, with the suggested action to correct it. A total of 483 connections were made between tubing of various brands and diameters of PVC tubing used in our blood center, either dry-dry, wet-dry, or wet-wet. All these welds were clear cut, and none showed threads or frays. The loose ends of residual tubing remained in the front side of the device and could be removed during the welding process. These residues had a well-defined seal that could not be opened easily, as required. The welded tubings all were well aligned; to a total of 249 of these welds, a pressure of 3 bar was applied, and all remained intact. In 1 hour, a total of 70 welds could be made, which included inlay, welding, and removing of tubing. This resulted in an average processing time of 52 seconds, with 13 seconds required for sealing and moving of the tubing and 12 seconds for the actual welding. At the end of the continuous welding process, the welds had the same quality as the first ones made, with none leaking after application of 3 bar of pressure.
Opening of 260 welds was scored: 166 (64%) had a score of 2 (easy), 64 (25%) a score of 1 (somewhat difficult), and 30 (11%) had a score of 0 (very difficult). The manufacturer was made aware of this problem and had already initiated measures to improve the performance of the device for versions that would be marketed. A short study of one of these devices showed that, of 100 additional welds, 99 had a score of 2 and only 1 had a score of 1.
DISCUSSION
This study shows that a premarket model of the Compodock was able to make sterile connections between various kinds of PVC tubing (n = 1056), despite heavy contamination with B. subtilis of the exterior of the tubing. A series of welds made in an aerosol-contaminated environment with B. subtilis (n = 122) also showed that all welds were sterile. Because of the experimental setup, in which, instead of blood components, a sterile bacterial culture medium (TSB) was used, we were able to exclude the possibility that contamination could have originated from a source other than the welding. AuBuchon et al. 11 investigated another SCD, using blood components for sterility testing, and they found an inhibitory effect of plasma on the growth of bacteria. In that study, a total of 244 welds were made, of which 3 had to be excluded: 2 because obviously faulty welds were made and were contaminated, and 1 because a species other than the one used for contamination was isolated. This latter case suggests that contamination either originated from the donor skin or was introduced during sampling. In our study, welds were included and the contents of the bags subsequently cultured only if the welds were functionally closed on mechanical testing and visual inspection. Subsequently, the contents of the bags were cultured. On the basis of 1178 cultures that were sterile after the creation of functional closed welds, there is an upper-limit 95% CI of 0.0025 that intact welds could fail to be sterile after heavy external contamination with B. subtilis at the welding site.
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The tensile strength of the welded tubing fully complied with ISO standard 3826 for connections between tubing and bag systems, even if wet-wet connections were made. This would, for example, allow the use of the "train" method for pooling of buffy coats, 15 instead of the "spider" or "octopus" method of applying dry-wet connections for the production of pooled platelet concentrates.
2 The introduction of wet-wet welding will reduce the number of required sterile connections, thus reducing the potential risk of bacterial contamination of the processed blood components.
An additional test, in which an air pressure of 3 bar was applied to welded tubing (n = 149), further confirmed the integrity of the welds. Although it is theoretically possible that a welded tubing with sufficient tensile strength may not be functionally intact, Robert and Bégué 13 suggested that the tensile strength and the air pressure test probably have good correlation. They concluded that measurement of tensile strength could be a good indicator for correct functioning of the SCD.
The Compodock has a reusable heating element that can be used at least 10,000 times, according to the manufacturer. Compared to devices that require wafers, this is a considerable reduction in waste. Although some authors claim that the copper wafers can be cleaned and reused, 16 that is not advocated by the manufacturer.
In many blood centers, sterile connections are now used for the production of pooled and prestorage WBC-reduced blood components. In our blood center, each day, around 500 sterile connections are made. Approximately 400 welds are made for the production of platelet concentrates 3 and the others for production of WBC-reduced RBC concentrates. Because the platelet concentrates are stored at room temperature and therefore are especially vulnerable for bacterial growth, a routine implementation of a new SCD will certainly entail the monitoring of the sterility of these components.
We conclude that the Compodock is a user-friendly SCD that allows docking of various PVC tubing. The device enables large-scale prestorage WBC reduction and/or pooling of blood components at the blood center, with maintenance of sterility and preservation of the original storage period of the component.
